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(54) CELLULAR RADIO SYSTEM ALLOWING MOBILE STATION TO COMMUNICATE THROUGH 
BASE STATION CONNECTED VIA CDMA RADIO CHANNEL, AND BASE STATION DEVICE 
AND MOBILE STATION DEVICE USED IN THE SAME 



(57) A CPU (42a) in each base station (BS) moni- 
tors the channel occupancy of each of a plurality of 
radio frequencies allocated to the base station (BS). 

When the difference between the channel occupan- 
cies of a plurality of radio frequencies allocated to a sin- 
gle base station (BS) becomes a predetermined state, 
the CPU (42a) switches the radio frequency as a candi- 



date to be used by a predetermined base station (BS) of 
mobile stations (BS) that are present in the cell formed 
by the base station (BS) and set in the standby state to 
a radio frequency whose channel occupancy is in a pre- 
determined state. 
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Description 

Technical Field 

[0001] The present invention relates to a cellular radio 5 
system such as a car/portable telephone system and a 
cordless telephone system and, more particularly, to a 
cellular radio system using a code division multiple 
access (CDMA) scheme as a radio access scheme 
between a base station and a mobile station, and a 10 
base station apparatus and mobile station apparatus 
which are used for the cellular radio system. 

Background Art 

15 

[0002] A spread spectrum communication scheme, 
which is robust against interference and disturbance, 
has gained a great deal of attention as one of communi- 
cation schemes used for a mobile communication sys- 
tem. The spread spectrum communication scheme is 20 
mainly used to implement a cellular radio system using 
CDMA scheme. 

[0003] In the cellular radio system using CDMA 
scheme, for example, the transmitting apparatus modu- 
lates digital speech data or digital image data by a dig- 25 
ital modulation scheme such as PSK. This modulated 
transmission data is then converted into a broadband 
baseband signal by using a spreading code such as a 
pseudorandom noise code (PN code). This baseband 
signal is up-converted into a signal in the radio fre- 30 
quency band and is then transmitted. The receiving 
apparatus down-converts the received signal in the 
radio frequency band into a signal having an intermedi- 
ate or baseband frequency. The apparatus then de- 
spreads this down-converted signal by using the same 35 
spreading code as that used by the transmitting appara- 
tus. Digital demodulation is then performed for the de- 
spread signal by a digital demodulation scheme such as 
PSK, thereby reconstructing data from the received 
data. 40 
[0004] That is, in CDMA scheme, different spreading 
codes are assigned to radio communications between a 
plurality of mobile station apparatuses and base sta- 
tions to ensure channel separation between the respec- 
tive radio communications. 45 
[0005] FIG. 14 shows the schematic arrangement of a 
CDMA cellular radio system. Referring to FIG. 14, a plu- 
rality of base stations BS1 to BSn are distributed in a 
service area. These base stations BS1 to BSn are 
respectively connected to a control station CS through so 
wire lines L1 to Ln. The base stations BS1 to BSn are 
further connected to a wire network NW through the 
control station CS. The base stations BS1 to BSn 
respectively form radio zones Z1 to Zn called cells. 
Mobile stations MS1 to MSm are respectively con- 55 
nected to base stations BS in the cells where the 
respective mobile stations are present by CDMA 
scheme over radio paths. 
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[0006] In a system of this type, when any one of the 
mobile stations MS1 to MSm moves between cells dur- 
ing communication, handoff, i.e., the switching of the 
base station to another to which radio path is to be con- 
nected is performed. There are two types of handoff: 
soft handoff and hard handoff. 

[0007] Soft handoff is unique to a CDMA cellular radio 
system. The perform handoff, a mobile station has two 
radio paths at the same time. One of the radio paths 
connects the mobile station to the source base station 
with which it has been communicating. The other radio 
path connects the mobile station to the destination base 
station with which it will communicate. The mobile sta- 
tion then performs path diversity synthesis, by using the 
signals it receives over these radio paths. Thereafter, of 
the paths under path diversity synthesis, a path on 
which the reception electric field strength of a pilot 
channel has dropped below a threshold for a predeter- 
mined period of time or more is disconnected, thereby 
switching the base stations to which the mobile station 
is connected. As described above, in a soft handoff, one 
of two paths is always connected to a base station at the 
time of handoff, and hence no path disconnection 
occurs. An advantage of soft handoff is that switching 
can be smoothly performed without any short break in 
speech. 

[0008] Soft handoff, however, requires both the source 
and destination base stations to use the same radio fre- 
quency. For this reason, for example, as shown in FIG. 
14, in a system in which different radio frequencies f1, 
f2, and f3 are allocated to a plurality of base station 
groups BSa, BSb, and BSc, when a mobile station MSi 
moves from a cell of the base station group Bsa to a cell 
of another base station group BSb or BSc, soft handoff 
cannot be performed. 

[0009] In contrast to this, hard handoff is mainly per- 
formed when the above source and destination base 
stations use different frequencies. More specifically, 
when a mobile station must change the radio frequency 
in use at the time of handoff, a message for instructing 
handoff is sent from a base station to the mobile station. 
Upon reception of this message, the mobile station tem- 
porarily stops transmission/reception and forms a new 
radio path allocated by the base station between itself 
and the base station. After this radio path is formed, the 
mobile station resumes transmission/reception by using 
the path. In a hard handoff, the radio path is temporarily 
disconnected to switch the radio frequencies, and a 
radio path must be formed again by using a new radio 
frequency. 

[0010] In such a system, a plurality of radio frequen- 
cies may be allocated to the respective base station 
groups, and the respective base stations may use 
CDMA scheme with the respective radio frequencies, 
thereby increasing the number of traffic channels. 
[001 1] In this case, however, the occupancies of the 
traffic channels having the respective radio frequencies 
in the respective base stations may become uneven. 
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Assume that the occupancies of the traffic channels 
having the respective radio frequencies become une- 
ven. In this case, if an originating mobile station selects 
a radio frequency with dense traffic, the base station 
may be found busy in spite of the presence of an availa- 5 
ble channel, resulting in blocked communication. 
Assume also that a mobile station selects a radio fre- 
quency with dense traffic in a hard or soft handoff. In 
this case, even if an available channel is present, it 
takes a long period of time to form a radio path again, w 
As a result, speech communication may be interrupted 
or noise may be produced, deteriorating the speech 
communication quality. Alternatively, the call may be 
dropped due to a handoff failure. 



Disclosure of Invention 
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[0012] It is an object of the present invention to pro- 
vide a cellular radio system which can average the traf- 
fic channel occupancies of the respective radio 20 
frequencies, thereby allowing effective use of traffic 
channels. 

[001 3] In order to achieve the above object, according 
to the present invention, in a cellular radio system 
including a plurality of base stations respectively 25 
belonging to a plurality of base station groups and form- 
ing cells having a predetermined diameter, and mobile 
stations connected to the base stations over CDMA 
radio channels, each of the base stations using CDMA 
radio channels of a plurality of radio frequencies alio- so 
cated to the base station group to which the base sta- 
tion belongs, the channel occupancies of a plurality of 
radio frequencies allocated to each of the plurality of 
base stations are monitored by a channel occupancy 
monitoring means. 35 
[0014] When the difference between the channel 
occupancies of the respective radio frequencies allo- 
cated to the same base station, determined by the 
channel occupancy monitoring means, becomes a pre- 
determined state, the radio frequency as a candidate to 40 
be used by a predetermined mobile station of mobile 
stations that are present in the cell formed by the base 
station and set in the standby state is switched to the 
radio frequency whose channel occupancy determined 
by the channel occupancy monitoring means is in a pre- 45 
determined state. 

[001 5] Consequently, as radio frequencies to be used 
by mobile stations in the standby state to newly start 
communications, radio frequencies whose channel 
occupancies are in a predetermined state are properly so 
distributed at random, thereby averaging the channel 
occupancies of the respective radio frequencies. 
[0016] In addition, according to the present invention, 
a frequency use state notifying means generates fre- 
quency use state information for notifying the mobile 55 
station of the use state of each radio frequency on the 
basis of the channel occupancies determined by the 
channel occupancy monitoring means, and transmits 



the information to the mobile station. The mobile station 
forms a radio frequency list in which priority levels are 
assigned to a plurality of radio frequencies on the basis 
of the frequency use state information before power-off, 
and stores it in a power-off state. Immediately after 
power-on of the mobile station, a search is performed to 
check in the order of priority levels whether the radio fre- 
quencies indicated by the radio frequency list stored in 
the storage means can be used, and the first detected 
radio frequency that can be used is as a candidate radio 
frequency to be used. 

[0017] Consequently, as radio frequencies to be used 
by mobile stations in the standby state to newly start 
communications, radio frequencies are properly distrib- 
uted at random on the basis of the use state of each 
radio frequency before power-off, thereby averaging the 
channel occupancies of the respective radio frequen- 
cies. 

[0018] When the mobile station moves to a new cell 
formed by another base station belonging to the same 
base station group to which the base station forming an 
old cell in which the mobile station has been present 
belongs, it is checked, on the basis of the channel occu- 
pancy determined by the channel occupancy monitor- 
ing means with respect to the base station forming the 
new cell, whether the channel occupancy of the radio 
frequency in the new cell, which has been used by the 
mobile station in the old cell, is not less than a predeter- 
mined value. Soft handoff is determined if the channel 
occupancy of the radio frequency in the new cell, which 
has been used by the mobile station in the old cell, is 
less than predetermined value. Hard handoff is deter- 
mined if the channel occupancy of the radio frequency 
in the new cell, which has been used by the mobile sta- 
tion in the old cell, is not less than predetermined value. 
When hard handoff is to be performed, a radio fre- 
quency whose channel occupancy is not more than a 
predetermined value in the new cell is used in the 
mobile station. 

[0019] Consequently, as radio frequencies to be used 
after mobile handoff, radio frequencies whose channel 
occupancies are not more than the predetermined value 
in new cells are properly distributed at random, thereby 
averaging the channel occupancies of the respective 
radio frequencies. 

Brief Description of Drawings 

[0020] 

FIG. 1 is a view showing the schematic arrange- 
ment of a CDMA cellular radio system according to 
an embodiment of the present invention; 
FIG. 2 is a block diagram showing the arrangement 
of a mobile station MS used in the system in FIG. 1 ; 
FIG. 3 is a block diagram showing the arrangement 
of a base station BS used in the system in FIG. 1 ; 
FIG. 4 is a flow chart showing a control procedure 
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for idle handoff control in a CPU 42a; 
FIG. 5 is a view showing a first determination condi- 
tion for determining the necessity of idle handoff; 
FIG. 6 is a view showing a second determination 
condition for determining the necessity of idle hand- 5 
off; 

FIG. 7 is a view showing a third determination con- 
dition for determining the necessity of idle handoff; 
FIG. 8 is a flow chart showing a control procedure 
for idle handoff control in a CPU 1 3a; w 
FIG. 9 is a flow chart showing a control procedure^ 
for control at power-off in the CPU 13a; 
FIG. 10 is a flow chart showing a control procedure 
for start-up control in the CPU 13a; 
FIG. 1 1 is a flow chart showing a control procedure is 
for mobile handoff control in the CPU 13a and the 
CPU 42a; 

FIG. 12 is a view for explaining mobile handoff con- 
trol; 

FIGS. 13A and 13B are views each showing a mod- 20 
if ication of the arrangement of the base station BS; 
and 

FIG. 14 is a view showing the schematic arrange- 
ment of a CDMA cellular radio system. 

25 

Best Mode of Carrying Out the Invention 

[0021 ] An embodiment of the present invention will be 
described below with reference to the accompanying 
drawings. so 
[0022] FIG. 1 shows the schematic arrangement of a 
CDMA cellular radio system according to this embodi- 
ment. The apparent arrangement of this system is the 
same as that shown in FIG. 14. However, this system 
differs from that shown in FIG. 14 in the allocation of 35 
radio frequencies to base station groups BSa to BSc 
and the handoff control function of the system as fol- 
lows. 

[0023] The system of this embodiment has a total of 
six radio frequencies f 1 to f6. The radio frequencies f 1 40 
and f2 are allocated to the base station group BSa; the 
radio frequencies f3 and f4, to the base station group 
BSb; and the radio frequencies f5 and f6, to the base 
station group BSc. Note that the radio frequencies f 1 to 
f6 are respectively composed of upstream carriers fU1 45 
to f U6 for transmitting signals from mobile stations MS 
(MSI to MSm) to base stations BS (BS1 to BSm) and 
downstream carriers fD1 to fD6 for transmitting signals 
from the base stations BS to the mobile stations MS. An 
upstream carrier f Uk (k is 1 to 6) and a downstream car- so 
rier f Dk satisfy: 

fUk = FDk + [predetermined frequency offset] 



[0024] Each base station BS transmits a pilot channel, 
a sync channel, a paging channel, and a downstream 
traffic channel with the above downstream carriers f D. 
The mobile station MS transmits an access channel and 
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an upstream traffic channel with the above upstream 
carriers f U. 

[0025] This system performs radio communication 
based on CDMA scheme between the base station BS 
and the mobile station MS by selectively using radio fre- 
quencies allocated to the base station BS. Various con- 
trol operations associated with this radio 
communication include mobile handoff control to be 
performed when the mobile station MS moves between 
the cells of the base stations BS, and idle handoff con- 
trol to be performed when the traffic of a specific radio 
frequency considerably increases as compared with the 
traffic of another radio frequency allocated to the same 
base station BS. 

[0026] FIG. 2 is a block diagram showing the arrange- 
ment of the mobile station MS used in the above CDMA 
cellular radio system. 

[0027] As shown in FIG. 2, the mobile station MS 
includes a microphone 10a, a speaker 10b, an analog- 
digital converter (to be referred to as an A-D converter 
hereinafter) 11a, a digital-analog converter (to be 
referred to as a D-A converter hereinafter) 1 1b, a voice 
coder-decoder (to be referred to as a vocoder hereinaf- 
ter) 12, a mobile station control section 13, a data gen- 
erating circuit 14, a convolutional encoder 15, an 
interleave circuit 16, a spread spectrum unit 17, a digital 
filter 18, a digital-analog converter (to be referred to as 
a D-A converter hereinafter) 19. an analog front end 20. 
an antenna 21, an analog-digital converter (to be 
referred to as an A-D converter hereafter) 22, a search 
receiver (to be referred to as a search receiver hereaf- 
ter) 23, an automatic gain control (AGE) circuit 24, fin- 
ger circuits 25, 26, and 27, a symbol combiner 28, a de- 
interleave circuit 29, a Viterbi decoder 30, an error cor- 
rection circuit 31, a keypad/display 32, and a memory 
section 33. 

[0028] A speaker's transmission speech signal output 
from the microphone 10a is converted into a digital sig- 
nal by the A-D converter 11a and is coded by the voco- 
der 12. The mobile station control section 13 adds a 
control signal and the like to the coded transmission sig- 
nal output from the vocoder 1 2 to generate transmission 
data. 

[0029] The data generating circuit 14 adds an error 
detection code and an error correction code to this 
transmission data. The transmission data output from 
the data generating circuit 14 is coded by the convolu- 
tional encoder 15. The interleave circuit 16 performs 
interleave processing for the transmission data output 
from the convolutional encoder 15. The transmission 
data output from the interleave circuit 16 is spectrum- 
spread into a broadband signal by the spectrum 
spreader 1 7 using PN and Walsh codes. The digital filter 
18 removes unnecessary frequency components from 
this spectrum-spread transmission data. The transmis- 
sion data output from the digital filter is converted into 
an analog transmission signal by the D-A converter 19. 
This analog transmission signal is up-converted into a 
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signal having a predetermined radio channel frequency 
and power-amplified to a predetermined transmission 
power level by the analog front end 20. Thereafter, the 
signal is transmitted from the antenna 21 to the base 
station BS. 5 
[0030] On the other hand, a radio signal received by 
the antenna 21 is low-noise-amplified and down-con- 
verted into a signal having an intermediate frequency or 
baseband frequency by the analog front end 20. The 
received signal output from the analog front end 20 is 10 
converted into a digital signal at a predetermined sam- 
pling period by the A/D converter 22. The received 
transmission data output from the A-D converter 22 is 
then input to the search receiver 23, the automatic gain 
control circuit 24, and the three finger circuits 25, 26, is 
and 27. 

[0031] Each of the finger circuits 25, 26, and 27 
includes an initial capturing section, a clock tracking 
section, and a data demodulation section. The data 
demodulation section de-spreads the spectrum of the 20 
received transmission signal from the base station BS, 
and integrates the resultant data through the integrating 
dump filter for a one-symbol period. Note that the three 
finger circuits are used to receive a multipath reception 
signal at a high S/N ratio by using the path diversity 25 
effect, and to switch base stations BS, to which the 
mobile station is connected, during communication 
without disconnecting the radio path, i.e.. to perform a 
so-called soft handoff. 

[0032] The respective symbols demodulated by the 30 
finger circuits 25, 26, and 27 are input to the symbol 
combiner 28, together with synchronization information, 
to be synthesized. The synthesized demodulated sym- 
bol is input to the de-interleave circuit 29, together with 
timing information, to be subjected to de-interleave 35 
processing in the de-interleave circuit 29. The demodu- 
lated symbol after this de-interleave processing is 
Viterbi-decoded by the Viterbi decoder 30. The demod- 
ulated symbol after this Viterbi-decoding is subjected to 
error correction decoding processing in the error correc- 40 
tion circuit 31 to become received data. The received 
data is input to the mobile station control section 13. 
The mobile station control section 13 separates the 
input received data into speech data and control data. 
The speech data is speech-decoded by the vocoder 12 45 
and converted into an analog signal by the D/A con- 
verter 11b. The analog signal is then output as speech 
from the speaker 1 0b. 

[0033] The keypad/display 32 is used by the user to 
input dial data, control data, and the like, and serves to so 
display various information associated with the opera- 
tion state of the mobile station MS. The operation of the 
keypad/display 32 is controlled by the mobile station 
control section 13. 

[0034] The memory section 33 is used to store various 55 
data required when the mobile station control section 13 
performs various operations, and has a nonvolatile stor- 
age medium such as an EEPROM. This memory sec- 



tion 33 stores a radio frequency list (to be described 
later) in a storage area formed from the nonvolatile stor- 
age medium. 

[0035] The search receiver 23 basically has the same 
arrangement as that of each of the finger circuits 25, 26, 
and 27. The search receiver 23 searches the PN codes 
of pilot signals broadcasted from the base stations BS in 
units of radio frequencies to capture the offsets of the 
PN codes. The power control data obtained by this PN 
code searching operation is loaded into the mobile sta- 
tion control section 13. 

[0036] The mobile station control section 13 has a 
CPU 13a, a ROM 13b, a RAM 13c, and an I/O port 13d 
connected to each other through a system bus 13e. 
[0037] The CPU 1 3a operates on the basis of the pro- 
grams stored in the ROM 13b, and collectively controls 
the respective sections of this mobile station MS, 
thereby implementing the operation of the mobile sta- 
tion MS. 

[0038] The ROM 13b stores the operation programs 
and the like for the CPU 13a. 

[0039] The RAM 1 3c temporarily stores data required 
for the CPU 13a to perform various operations. 
[0040] The functions implemented by the CPU 13a by 
means of software processing include a candidate fre- 
quency setting function, a radio frequency list forming 
function, a candidate frequency initializing function, and 
a mobile-station-side handoff processing function, as 
well as the known general control function of the mobile 
station MS. 

[0041] The candidate frequency setting function 
serves to set a radio frequency to be used when com- 
munication is started next, i.e., a candidate frequency to 
be used as a radio frequency in the standby state. This 
candidate frequency setting function includes the func- 
tion of changing candidate frequencies in accordance 
with an idle handoff instruction from the base station 
BS, i.e., the function of performing idle handoff. 
[0042] The radio frequency list forming function 
serves to receive frequency use state information from 
the nearest base station BS, which indicates the use 
state of radio frequencies in the cell formed by the base 
station BS and the use state of radio frequencies in a 
predetermined neighboring cell, and form a radio fre- 
quency list indicating the priority levels of the respective 
radio frequencies on the basis of the frequency use 
state information. The radio frequency list forming func- 
tion serves to store this formed radio frequency list in 
the memory section 33. 

[0043] The candidate frequency initializing function 
serves to initialize candidate frequencies by referring to 
the radio frequency list stored in the memory section 33 
when the power to the mobile station MS is turned on. 
[0044] When the mobile station MS moves from the 
cell of a given base station BS to the cell of another 
neighboring base station BS, the mobile-station-side 
handoff control function serves to perform control, 
together with these base stations BS, to switch a first 
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radio path connecting the mobile station MS to the 
source base station BS to a second radio path connect* 
ing the mobile station MS to the destination base station 
BS. At this time, the mobile-station-side handoff control 
function performs soft handoff control when the radio 
frequency of the first radio path is equal to that of the 
second radio path. Assume that in hard handoff control, 
allocated radio frequency notification information for 
notifying the radio frequency to be used to connect the 
second radio path is supplied from the source base sta- 
tion BS. In this case, the mobile-station-side handoff 
control function serves to connect the second radio path 
by using this radio frequency. 

[0045] FIG. 3 is a block diagram showing the arrange- 
ment of the base station BS. 

[0046] As shown in FIG. 3, the base station BS 
includes a control station interface section 41 , a base 
station control section 42, q is the number of traffic 
channels for one radio frequency) CDMA modulation 
sections 43 (43-1 to 43-p) for the first radio frequency, £ 
CDMA modulation sections 44 (44-1 to 44-p) for the 
second radio frequency, a pilot signal generating sec- 
tion 45, synthesizers 46 and 47, an analog front end 48, 
an antenna 49, pi CDMA demodulation sections 50 (50- 
1 to 50-p) for the first radio frequency, and q CDMA 
demodulation sections 51 (51-1 to 51 -p) for the second 
radio frequency. 

[0047] The control station interface section 41 trans- 
mits/receives speech data and control data to/from the 
control station CS. For example, speech data sent in a 
time-divisionally multiplexed state from the control sta- 
tion CS is demultiplexed by the control station interface 
section 41. Each of the demultiplexed speech data is 
converted into data in a data form for transmission on a 
radio path by the control station interface section 41. 
[0048] The speech data having undergone data con- 
version are parallelly supplied to the base station con- 
trol section 42. The base station control section 42 adds 
control signals and the like to the respective speech 
data to generate transmission data. 
[0049] These transmission data are input to CDMA 
modulation sections 34 and 44 for the corresponding 
traffic channels. Each of CDMA modulation sections 34 
and 44 has circuits similar to the data generating circuit 
14, the convolution^ encoder 15, the interleave circuit 
1 6, the spread spectrum unit 1 7, the digital filter 1 8, and 
the D-A converter 19 in the mobile station MS. The 
transmission data are therefore subjected to addition of 
error detection codes and error correction codes, con- 
volutional coding, interleave processing, spread spec- 
trum processing, and conversion to analog signals in 
CDMA modulation sections 43 and 44. As a result, ana- 
log transmission signals are obtained. Note that CDMA 
modulation sections 43-1 to 43-p use different Walsh 
codes corresponding to the respective traffic channels 
in spreading the signal spectrum. In addition, CDMA 
modulation sections 44-1 to 44-p use different Walsh 
codes corresponding to the respective traffic channels 



in spreading the signal spectrum. 
[0050] TTie analog transmission signals obtained by 
the respective CDMA modulation sections 43 are syn- 
thesized with each other by the synthesizer 46. At this 

5 time, the synthesizer 46 also synthesizes a pilot chan- 
nel signal generated by the pilot signal generating sec- 
tion 45 with the above signals. The analog transmission 
signals obtained by the respective CDMA modulation 
sections 44 are synthesized with each other by the syn- 

10 thesizer 47. At this time, the synthesizer 47 also synthe- 
sizes a pilot channel signal generated by the pilot signal 
generating section 45 with the above signals. Each pilot 
channel signal contains a PN code (common to CDMA 
modulation sections 43 and 44) used by CDMA modula- 

15 tion sections 43 and 44 for spread spectrum processing. 

[0051] Both the output signals from the synthesizers 
-J 46 and 47 are input to the analog front end 48. The out- 
put signal from the synthesizer 46 is up-converted into 
the first radio frequency and power-amplified to a prede- 

20 termined transmission power level by the analog front 
end 48. The output signal from the synthesizer 47 is up- 
converted into the second radio frequency and power- 
amplified to a predetermined transmission power level 
by the analog front end 48. The output signals from the 

25 analog front end 48 are transmitted from the antenna 49 
to the mobile station MS by radio. Note that the first 
radio frequency is one of the two radio frequencies allo- 
cated to the base station, and the second radio fre- 
quency is the other of the two radio frequencies 

30 allocated to the base station. That is, for example, in the 
base station BS belonging to the base station group 
BSa, the first radio frequency is f 1 , and the second radio 
frequency is f2. 

[0052] An RF signal obtained when a radio signal is 
35 received through the antenna 49 is supplied to the ana- 
log front end 48. This RF signal is low-noise-amplified 
by the analog front end 48. Signals in the bands of the 
two radio frequencies allocated to the base station BS 
are extracted from this high-frequency signal. These 
40 extracted signals are down-converted into intermediate 
frequencies or baseband frequencies by the analog 
front end 48. The resultant signals are reception sig- 
nals. 

[0053] Of these reception signals, the signal extracted 
45 from the first radio frequency band is branched/input to 
CDMA demodulation sections 50-1 to 50-p. Of the 
reception signals, the signal extracted from the second 
radio frequency band is branched/input to CDMA 
demodulation sections 51-1 to 51 -p. 
so [0054] Each of CDMA demodulation sections 50 and 
51 includes circuits similar to the A-D converter 22, the 
search receiver 23, the automatic gain control circuit 24, 
the finger circuits 25, 26, and 27, the symbol combiner 
28, the de-interleave circuit 29. the Viterbi decoder 30, 
55 and the error correction circuit 31 in the mobile station 
MS. Reception signals are therefore subjected to con- 
version to digital signals, spread spectrum processing, 
integration for a one-symbol period, symbol synthesis, 
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de-interleave processing, Viterbi decoding, and error 
correction decoding processing in CDMA demodulation 
sections 50 and 51. As a result, reception data are 
obtained and parallelly input to the base station control 
section 42. In this case, CDMA demodulation sections 5 
50-1 to 50-p use different Walsh codes corresponding to 
the respective traffic channels in spreading the signal 
spectrum. CDMA demodulation sections 51-1 to 51 -p 
use different Walsh codes corresponding to the respec- 
tive traffic channels in de-spreading the signal spec- w 
trum. As a result, in CDMA demodulation sections 50 
and 51, reception data received through the corre- 
sponding to traffic channels are extracted. 
[0055] The base station control section 42 separates 
the respective reception data into speech data and con- 15 
trol data. Of these data, the speech data are converted 
into data in a data form for transmission through a trans- 
mission path between itself and the control station by 
the control station interface section 41. The respective 
speech data having undergone data conversion are 20 
transmitted in, for example, a time-divisional multiplexed 
state to the control station CS. 

[0056] The base station control section 42 has a CPU 
42a, a ROM 42b, a RAM 42c, and an I/O port 42d con- 
nected to each other through a system bus 42e. 
"T0057] The CPU 42a operates on the basis of the pro- 
grams stored in the ROM 42b, and collectively controls 
1 the respective sections of this base station BS. thereby 
V/implementing the operation of the base station BS. 
[0058] The ROM 42b stores operation programs and 
the like for the CPU 42a. 

[0059] The RAM 42c temporarily stores data required 
for the CPU 42a to perform various operations. 
[0060] Note that the functions implemented by the 
CPU 42a by means of software processing include a 
channel occupancy monitoring function, an idle handoff 
controlling function, a frequency use state notifying 
function, a handoff method determining function, and a 
network-side handoff control function, as well as a 
known general control function in the base station BS. 
[0061 ] In this case, the channel occupancy monitoring 
function serves to monitor the channel occupancies of 
radio frequencies allocated to the base station BS. 
[0062] When the difference between the channel 
occupancies of the respective radio frequencies alio- 45 
cated to the base station BS becomes a predetermined 
state, the idle handoff controlling function serves to out- 
put an idle handoff instruction to the mobile station MS 
in the standby state in the cell formed by the base sta- 
tion BS to set the radio frequency with the lower channel so 
occupancy as a candidate frequency. 
[0063] The frequency use station notifying function 
serves to generate frequency use state information indi- 
cating the use state of the radio frequencies in the cell 
of the base station BS and the use state of the radio fre- 55 
quencies in a predetermined neighboring cell, and per- 
form processing for transmission of the information to 
'the mobile station MS. 



25 



30 



35 



40 



[0064] The handoff method determining function 
serves to determine whether to perform soft handoff or 
hard handoff for the mobile station MS, when the mobile 
station moves from the cell of the base station BS to the 
cell of another base station BS belonging to the same 
base station group. 

[0065] The network-side handoff control function 
serves to perform handoff control to perform handoff for 
the mobile station MS by the method determined by the 
handoff method determining function when the mobile 
station MS moves from the cell of the base station BS to 
the cell of another base station BS belonging to the 
same base station group. The network-side handoff 
control function includes the function of notifying the 
mobile station MS of the radio frequency with a channel 
occupancy lower than that of the radio frequency that 
has been used by the mobile station MS in the cell it is 
entering, when the method determined by the handoff 
method determining function is hard handoff. 
[0066] The operation of the system having the above 
arrangement will be described next. 
[0067] Idle handoff control will be described first. 
[0068] FIG. 4 is a flow chart showing a control proce- 
dure for idle handoff control in the CPU 42a. 
[0069] The CPU 42a in each base station BS performs 
idle handoff control at a predetermined timing, e.g., at 
predetermined periods. In this idle handoff control, first 
of all. the CPU 42a monitors the occupancies (channel 
occupancies) of the downstream traffic channels of the 
respective radio frequencies allocated to the self-station 
during operation (step ST1). The base station control 
section 42 checks, on the basis of the monitoring result 
on the channel occupancies, whether the current state 
corresponds to any one of the following three conditions 
(steps ST2 to ST5). 

(1) For example, as shown in FIG. 5, 

the difference between the channel use ratios 
of the two radio frequencies exceeds 20%, and 
neither of the channel occupancies of the two 
radio frequencies exceeds 95%. 

(2) For example, as shown in FIG. 6, 

one of the channel occupancies of the two 
radio frequencies exceeds 95%, 
the other of the channel occupancies of the two 
radio frequencies is equal to or lower than 
94%, and 

the difference between the channel use ratios 
of the two radio frequencies does not exceed 
20%. 

(3) For example, as shown in FIG. 7, 

one of the channel occupancies of the two 
radio frequencies exceeds 95%, 
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the other of the channel occupancies of the two 
radio frequencies is equal to or lower than 
94%, and 

the difference between the channel use ratios 
of the two radio frequencies exceeds 20%. s 

[0070] These three conditions are conditions for deter- 
mining whether idle handoff is necessary. When the cur- 
rent state corresponds to any one of them, it indicates 
that idle handoff is necessary w 
[0071] If the CPU 42a determines that idle handoff is 
necessary, and the determination is based on condition 
(1) or (2), the number of idle mobile stations is set to "1" 
(step ST6). If the determination is based on condition 
(3), the number of idle mobile stations is set to "2" (step is 
ST7). 

[0072] Subsequently, the CPU 42a checks whether 
the count value of an idle handoff counter for counting 
the number of times idle handoff is performed corre- 
sponds to any one of the following three conditions 20 
(steps ST8 and ST9): 

(1) smaller than "20", 

(2) equal to or larger than "2" and smaller than "25", 
and 25 

(3) equal to or larger than "25". 

[0073] If the count value of the idle handoff counter 
corresponds to condition (2), the CPU 42a changes the 
number of idle mobile stations to a number twice the 30 
number set in step ST6 or ST7 (step ST10). If the coun- 
ter value of the idle handoff counter corresponds to con- 
dition (3), the CPU 42a changes the number of idle 
mobile stations to a number four times the number set in 
step ST6 or ST7 (step ST1 1). If the count value of the 35 
idle handoff counter corresponds to condition (2), the 
CPU 42a keeps the number of idle mobile stations 
equal to the number set in step ST6 or ST7. 
[0074] Subsequently, the CPU 42a randomly selects 
the mobile stations MS equal in number to the number 40 
set at this time point from the mobile stations MS that 
are located in the cell of the self-base station BS and in 
the standby state. The CPU 42a sends an idle handoff 
instruction controlling a radio frequency with a lower 
channel occupancy to each of the selected mobile sta- 45 
tions MS (step ST12). When this idle handoff instruction 
sending operation is complete, the CPU 42a increments 
the count value of the idle handoff counter by one (step 
ST13). Thereafter, idle handoff control is terminated. 
[0075] If the CPU 42a determines in steps ST2 to ST6 so 
that none of conditions (1) to (3) is satisfied, the CPU 
42a terminates this idle handoff control without sending 
any idle handoff instruction. If, however, there is no radio 
frequency whose channel occupancy exceeds 95%, 
and the difference between the two radio frequencies ss 
does not exceed 20%, the CPU 42a terminates the 
processing after resetting the idle handoff counter (step 
ST14). 
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[0076] Upon reception of the idle handoff instruction 
transmitted from the base station BS in the above man- 
ner, the CPU 13a of the mobile station MS starts idle 
handoff control as shown in FIG. 8. 
[0077] Upon reception of the idle handoff instruction, 
the CPU 13a recognizes the contents of the idle handoff 
instruction first, and then determines the designated 
radio frequency (step ST21). The CPU 13a checks 
whether the designated radio frequency differs from the 
current candidate frequency (step ST22). 
[0078] If the designated radio frequency differs from 
the current candidate frequency, the CPU 13a captures 
the pilot channel of the designated radio frequency 
(step ST23). This pilot channel capturing operation is 
performed by acquiring the phase and PN timing 
through the search receiver 23. Upon completion of the 
pilot channel capturing operation, the CPU 13a receives 
a sync channel to acquire information indicating the sys- 
tem configuration and the system timing, and also cap- f 
tures a paging channel (step ST24). 
[0079] Upon completion of the above processing, the 
CPU 13a returns to the standby state. If the designated 
radio frequency is equal to the current candidate fre- 
quency, the CPU 13a maintains the same standby state 
as that has been set until now without performing the 
processing in steps ST23 and ST24. With this opera- 
tion, the mobile station MS is set in the standby state in 
which the radio frequency designated by the idle hand- 
off instruction is set as a candidate frequency. 
[0080] This operation raises the possibility that a radio 
frequency with a lower channel occupancy will be used 
for communication from now on, although the channel 
occupancies of the respective radio frequencies do not 
change instantly. Eventually, therefore, the channel 
occupancies of the respective radio frequencies are 
averaged. When the channel occupancies of the 
respective radio frequencies are averaged, available 
traffic channels can be ensured in the respective radio 
frequencies in many cases, thereby reliably handling ( 
new calls and mobile handoffs. 

[0081] Control at power-off and start-up control at 
power-on in the mobile station MS will be described 
next. 

[0082] When the user designates power-off in the 
mobile station MS, the CPU 13a of the mobile station 
MS starts control at power-off as shown in FIG. 9. 
[0083] Upon reception of a power-off instruction, the 
CPU 13a performs reception processing for frequency 
use state information first (step ST31). 
[0084] Note that the CPU 42a of each base station BS 
performs use state notification control as shown in FIG. 
9 at a predetermined timing, e.g., at predetermined peri- 
ods or the time required by the mobile station. In this 
use state notification control, first of all, the CPU 42a 
checks the use states of radio frequencies in the self- 
station and a predetermined neighboring base station 
(step ST41). The CPU 42a then generates frequency 
use state information for notifying the use state of radio 
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frequencies in each base station, and transmits the 
information to the mobile station MS (step ST42). 
[0085] In the mobile station MS, the CPU 1 3a outputs 
a request to the base station BS or waits for frequency 
use state information to receive the frequency use state 
information transmitted from the base station BS in the 
above manner in step ST31. Upon completion of the 
reception of the frequency use state information, the 
CPU 13a generates a radio frequency list in considera- 
tion of the use states of radio frequencies in the respec- 
tive base stations, indicated by the frequency use state 
information, and stores the list in the memory section 33 
(step ST32). 

[0086] In this radio frequency list, priority levels are 
assigned to the respective radio frequencies indicated 
by the frequency use state information in accordance 
with a predetermined rule. For example, the highest pri- 
ority level ("1 ") is assigned to a radio frequency set as a 
candidate frequency, and lower priories are respectively 
assigned to another frequency in the cell where the 
mobile station is currently located and the radio fre- 
quencies in neighboring cells (in the order of occupan- 
cies). 

[0087] Upon completion of the generation and storage 
of a radio frequency list, the CPU 13a performs known 
processing to turn off the power (step ST33), and termi- 
nates control at power-off. 

[0088] When the user designates power-on in the 
mobile station MS. the CPU 13a of the mobile station 
MS performs start-up control as shown in FIG. 10. 
[0089] Upon reception of the power-on instruction, the 
CPU 13a initializes a variable X to "1" (step ST42). 
[0090] The CPU 13a then searches the radio fre- 
quency list stored in the memory section 33 for a radio 
frequency whose priority level is M X" (step ST52). The 
CPU 13a checks the searched-out radio frequency 
(step ST53), and determines whether the radio fre- 
quency can be used (step ST54). If the radio frequency 
cannot be used, the CPU 13a updates the variable X to 
"X + 1" (step ST55), and repeats the processing in steps 
ST52 to ST54. 

[0091 ] If a radio frequency that can be used is found, 
the CPU 13a captures the pilot channel of the radio fre- 
quency (step ST56). This pilot channel capturing opera- 
tion is performed by acquiring the phase and PN timing 
through the search receiver 23. Upon completion of pilot 
channel capturing, the CPU 13a receives a sync chan- 
nel to receive information indicating the system configu- 
ration and the system timing, and also captures a 
paging channel (step ST57). 

[0092] Upon completion of the above processing, the 
CPU 1 3a enters the standby state. 
[0093] With this operation, at the time of start-up oper- 
ation by power-on, the CPU 13a enters the standby 
state while a radio frequency with a higher priority level, 
which is set at the time of power-off in accordance with 
the use state of each radio frequency, is set as a candi- 
date frequency. If, therefore, the use state of each radio 



frequency at the time of power-on has not greatly 
changed from that at the time of power-off, the CPU 13a 
is set in the standby state with a radio frequency with a 
low occupancy. This raises the possibility that a radio 
5 frequency with a lower channel occupancy will be used 
for communication from now on. Eventually, therefore, 
the channel occupancies of the respective radio fre- 
quencies are averaged. 

[0094] Even if the use state of each radio frequency at 
10 the time of power-on has changed from that at the time 
of power-off, since many mobile stations MS power off 
at various timings, radio frequencies are randomly 
selected by the respective mobile stations MS after 
power-off. As a result, the channel occupancies of the 
is respective radio frequencies will be averaged. 

[0095] When the channel occupancies of the respec- 
tive radio frequencies are averaged in this manner, 
available traffic channels can be ensured in the respec- 
tive radio frequencies in many cases, thereby reliably 
20 handling new calls and mobile handoffs. 

[0096] Mobile handoff control will be described next. 
A mobile station MSj located in a cell Z4 of the base sta- 
tion BS4 will be exemplified. 

[0097] The CPU 13a in the mobile station MSj per- 
25 forms mobile handoff control as shown in FIG. 1 1 at a 
predetermined timing, e.g., at predetermined periods, 
during radio communication. 

[0098] At the predetermined timing, the CPU 13a 
detects the reception power level of the pilot channel 

30 that corresponds to the currently used radio frequency 
and is transmitted from the base station BS other than 
the base station BS4 forming the cell Z4 in which the 
mobile station is present (step ST61). The CPU 13a 
compares the detected value with a predetermined 

35 threshold (step ST62). If the reception power level of the 
pilot channel from the base station BS other than the 
base station BS4 is equal to or lower than the threshold, 
the mobile station MSj is not located at the boundary 
between the cell Z4 and another cell. In this case, since 

40 no mobile handoff is required, the CPU 13a terminates 
this mobile handoff control. 

[0099] Assume that the mobile station MSj moves 
from a position I in the cell Z4 of the base station BS4 to 
a boundary position II between the cell Z4 of the base 

45 station BS4 and a cell Z3 of the base station BS4, as 
shown in FIG. 12. In this case, the reception level of the 
pilot channel from the base station BS3 increases in the 
mobile station MSj. When the reception power of the 
pilot channel from the base station BS other than the 

so base station BS4 exceeds the threshold, the CPU 13a 
transmits a message indicating the phase of a PN code 
sent over the pilot channel and the reception power level 
of the pilot channel to the base station BS4 (to be 
referred to as a source base station hereinafter) forming 

55 the cell Z4 in which the mobile station has been located 
(step ST63). Thereafter, the CPU 13a checks whether a 
handoff instruction is sent from the source base station 
BS4 within a predetermined period of time (step ST64). 
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[0100] In the base station BS4, the CPU 42a performs 
mobile handoff control as shown in FIG. 1 1 at a prede- 
termined timing, e.g., predetermined periods. 
[0101] At the predetermined timing, the CPU 42a 
checks whether the message transmitted from the base 5 
station MS is received (step ST71). If the message 
transmitted from the mobile station MSj is received as 
described above, the CPU 42a analyzes the message 
to check whether handoff is required (step ST72). 
[0102] If it is determined that handoff is not required, 10 
or it is determined in step ST71 that no message is 
received, the CPU 42a terminates mobile handoff con- 
trol. If, however, a message is received from the mobile 
station MSj that has moved to a boundary position II 
between the cell Z4 of the base station BS4 and the cell is 
Z3 of the base station BS3 as shown in FIG. 12, handoff 
is required. In such as case, therefore, the CPU 42a 
determines the cell Z3 as a cell the mobile station MSj 
is entering from the message, and transfers a handoff 
request to the base station (to be referred to as a desti- 20 
nation base station) forming the cell Z3 through the con- 
trol station CS (step ST73). The CPU 42a of the 
destination base station BS4 checks the channel occu- 
pancy measured by the channel occupancy monitoring 
means 42a in the new control station BS3 (step ST74). 25 
The CPU 42a of the source base station BS4 then 
checks whether the channel occupancy of the radio fre- 
quency currently used by the mobile station MSj in the 
destination base station BS3 exceeds a predetermined 
threshold (step ST75). 30 
[01 03] If the channel occupancy of the radio frequency 
currently used by the mobile station MSj in the destina- 
tion base station BS3 is equal to or lower than the pre- 
determined threshold, the radio frequency currently 
used by the mobile station MSj can also be used at the 35 
new. The CPU 42a of the source base station BS4 
therefore determines soft handoff as a handoff method 
to be used, and transmits a handoff instruction for con- 
trolling soft handoff to the mobile station MSj (step 
ST76). Thereafter, the CPU 42a of the source base sta- 40 
tion BS4 performs soft handoff by a known procedure in 
cooperation with the mobile station MSj and the destina- 
tion base station BS3 (step ST77). 
[01 04] If the channel occupancy of the radio frequency 
currently used by the mobile station MSj in the destina- 45 
tion base station BS3 exceeds the predetermined 
threshold, continuous use of the radio frequency cur- 
rently used by the mobile station MSj in the cell it is 
entering is not preferable. The CPU 42a of the source 
base station BS4 determines hard handoff as a handoff so 
method to be used, and transmits a handoff instruction 
for controlling hard handoff to the mobile station MSj 
(step ST78). The CPU 42a of the source base station 
BS4 determines a radio frequency whose channel 
occupancy in the destination base station BS3 does not 55 
exceed the predetermined threshold and is lowest as a 
radio frequency to be used, and notifies the mobile sta- 
tion MSj of this radio frequency (step ST79). The CPU 
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42a of the source base station BS4 performs hard hand- 
off by a known procedure in cooperation with the mobile 
station MSj and the destination base station BS3 (step 
ST80). 

[0105] If a handoff instruction transmitted from the 
source base station BS4 in the above manner is 
received, the CPU 13a of the mobile station MSj deter- 
mines in step ST64 that handoff is instructed. In this 
case, the CPU 13a checks whether this handoff instruc- 
tion designates hard handoff (step ST65). 
[0106] If the handoff instruction does not designate 
hard handoff. the CPU 13a performs soft handoff by a 
known procedure in cooperation with the source base 
station BS4 and the destination base station BS3 (step 
ST66). 

[01 07] If the handoff instruction designates hard hand- 
off, the CPU 13a receives a radio frequency notification 
following the handoff instruction (step ST67). The CPU 
13a then performs hard handoff to a state in which the 
radio frequency designated by the radio frequency noti- 
fication is used, by a known procedure, in cooperation 
with the source base station BS4 and the destination 
base station BS3 (step ST68). 

[0108] With this operation, when soft handoff cannot 
be performed because there is no available traffic chan- 
nel in the new cell with respect to the radio frequency 
currently used by the mobile station MSj, another radio 
frequency that can be used is selected, and hard hand- 
off is performed. In this case, although a slight deterio- 
ration in speech communication quality cannot be 
avoided, at lest the worst case, e.g., a handoff failure, 
can be prevented. In addition, when one of the two radio 
frequencies allocated to a given base station BS exhib- 
its dense traffic, the radio frequency used by the mobile 
station that moves while using the radio frequency with 
dense traffic is switched to another radio frequency. 
Therefore, the channel occupancies of the two radio fre- 
quencies can be averaged. 

[01 09] As described above, according to this embodi- 
ment, measures are taken to make the use of radio fre- 
quencies random with respect to a radio frequency as a 
candidate to be used by each mobile station MS in the 
standby state, a radio frequency as a candidate to be 
used by each mobile station MS at power-on, and a 
radio frequency to be used in a new cell when each 
mobile station MS under radio communication moves 
between cells within the same base station group. With 
this, the channel occupancies of the respective radio 
frequencies in each base station BS can be averaged. 
By averaging the channel occupancies of the respective 
radio frequencies in each base station BS, traffic chan- 
nels can be efficiently used. 

[0110] The present invention is not limited to the 
above embodiment. For example, the above embodi- 
ment uses an arrangement like the one shown in FIG. 
13(a), in which one base station BS handles both radio 
frequencies (e.g., f 1 and f2). However, as shown in FIG. 
13(b), one base station BS may be made up of a base 
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station apparatus 61 for handling only one (e.g., f1) of 
the two radio frequencies, a base station apparatus 62 
for handling only the other (e.g., f2) of the two radio fre- 
quencies, and a base station control apparatus 63 for 
controlling the two base station apparatuses 61 and 62. 
[0111] In each embodiment described above, the 
base stations forms cells having the same diameter. In 
this case, however, the same diameter includes differ- 
ences within a predetermined range. The maximum dif- 
ference is set, for example, such that the diameter of a 
cell having the maximum diameter is less than twice 
that of a cell having the minimum diameter. 
[01 1 2] In addition, the conditions for determining the 
necessity of idle handoff are not limited to those in the 
above embodiment. For example, an arbitrary threshold 
may be set. 

[01 1 3] The conditions for setting the number of mobile 
stations to which an idle handoff instruction is to be out- 
put are not limited those in the above embodiment, and 
may be arbitrary set. In addition, the number of mobile 
stations to which an idle handoff instruction is to be out- 
put need not always be variable, and may be constant. 
[01 1 4] Furthermore, the number of mobile stations to 
which an idle handoff instruction is to be output may be 
set in accordance with the channel occupancy of a car- 
rier. In this case, it is preferable that a threshold for 
determining a channel occupancy be arbitrarily 
changed by manual operation by a person in charge of 
maintenance and management in a base station. 
[0115] The channel occupancy monitoring means 
42a, the idle handoff controlling means 42b, the fre- 
quency use state notifying means 42c, the handoff 
method determining means 42d, and the network-side 
handoff control means 42e, which are mounted in the 
base station BS in the above embodiment, may be 
mounted in the control station CS. 
[01 1 6] Furthermore, the circuit arrangements of each 
mobile station and each base station, the control proce- 
dures for mobile handoff and idle hard handoff, the con- 
tents of the control, and the like can be variously 
modified within the spirit and scope of the invention. 



Claims 



A cellular radio system including a plurality of base 
stations respectively belonging to a plurality of base 
station groups and forming cells having a predeter- 
mined diameter, and mobile stations connected to 
said base stations over CDMA radio channels, each 
of said base stations using CDMA radio channels of 
a plurality of radio frequencies allocated to said 
base station group to which said base station 
belongs, characterized by comprising: 

channel occupancy monitoring means for mon- 
itoring channel occupancies of a plurality of 
radio frequencies allocated to each of said plu- 
rality of base stations; 



idle hard handoff controlling means for, when a 
difference between channel occupancies 
determined by said channel occupancy moni- 
toring means with respect to a plurality of radio 

5 frequencies allocated to a single base station 

becomes a predetermined state, giving a pre- 
determined idle hard handoff instruction for 
controlling a radio frequency whose channel 
occupancy determined by said channel occu- 

io pancy monitoring means is a predetermined 

state to a predetermined mobile station of 
mobile stations that are present in a cell formed 
by said base station and in a standby state; and 
candidate radio frequency setting means, 

15 arranged in said mobile station, for, when the 

idle hard handoff instruction is received, setting 
a candidate radio frequency to be used at the 
time of generating of a next call to the radio fre- 
quency designated by the received idle hard 

20 handoff instruction. 

2. A cellular radio system according to claim 1 , char- 
acterized in that said base station transmits the 
same spreading code with the same phase through 

25 each of pilot channels of a plurality of radio frequen- 
cies allocated to said base station group to which 
said base station belongs. 

3. A cellular radio system according to claim 1, char- 
30 acterized in that said candidate radio frequency set- 
ting means sets a candidate radio frequency upon 
power-off as a candidate radio frequency to be 
used immediately after power-on. 

35 4. A cellular radio system including a plurality of base 
stations respectively belonging to a plurality of base 
station groups and forming cells having a predeter- 
mined diameter, and mobile stations connected to 
said base stations over CDMA radio channels, each 

40 of said base stations using CDMA radio channels of 
a plurality of radio frequencies allocated to said 
base station group to which said base station 
belongs, characterized by comprising: 

45 channel occupancy monitoring means for mon- 

itoring channel occupancies of a plurality of 
radio frequencies allocated to each of said plu- 
rality of base stations; 

frequency use state notifying means for gener- 
ic ating frequency use state information for notify- 
ing said mobile station of a use state of each 
radio frequency on the basis of the channel 
occupancies determined by said channel occu- 
pancy monitoring means; 
55 radio frequency list forming means for receiving 
the frequency use state information transmitted 
from said base station under the control of said 
frequency use state notifying means and fbrm- 
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ing a radio frequency list in which priority levels 
are assigned to a plurality of radio frequencies 
on the basis of the frequency use state infor- 
mation; 

storage means, arranged in said mobile sta- 5 
tion, for storing the radio frequency list formed 
by said radio frequency list forming means 
even in a power-off state; and 
initial candidate frequency setting means for 
performing a search immediately after power- 10 
on to check in the order of priority levels 
whether the radio frequencies indicated by the 
radio frequency list stored in said storage 
means can be used, and setting the first 
detected radio frequency that can be used as a is 
candidate radio frequency to be used. 
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the new cell is not more than a predetermined 
value, when hard handoff is to be performed; 
and 

mobile-station-side handoff control means, 
arranged in said mobile station, for performing 
predetermined handoff processing under the 
control of said network-side handoff control 
means, when said mobile station moves to a 
cell formed by another base station belonging 
to the same base station group to which said 
base station forming a cell in which said mobile 
station has been present belongs, and per- 
forming hard handoff to switch to a radio fre- 
quency notified by said network-side handoff 
control means when hard handoff is desig- 
nated. 



5- A cellular radio system including a plurality of base 
stations respectively belonging to a plurality of base 
station groups and forming cells having a predeter- 20 
mined diameter, and mobile stations connected to 
said base stations over CDMA radio channels, each 
of said base stations using CDMA radio channels of 
a plurality of radio frequencies allocated to said 
base station group to which said base station 25 
belongs, characterized by comprising: 

channel occupancy monitoring means for mon- 
itoring channel occupancies of a plurality of 
radio frequencies allocated to each of said pfu- 30 
rality of base stations; 

handoff method determining means for, when 
said mobile station moves to a new ceil formed 
by another base station belonging to the same 
base station group to which said base station 35 
forming an old cell in which said mobile station 
has been present belongs, checking, on the 
basis of the channel occupancy determined by 
said channel occupancy monitoring means 
with respect to said base station forming the 40 
new cell, whether the channel occupancy of the 
radio frequency in the new cell, which has been 
used by said mobile station in the old cell, is not 
less than a predetermined value, and deter- 
mining soft handoff if the channel occupancy of 45 
the radio frequency in the new cell, which has 
been used by said mobile station in the old cell, 
is less than predetermined value, and hard 
handoff if the channel occupancy of the radio 
frequency in the new cell, which has been used so 
by said mobile station in the old cell, is not less 
than predetermined value; 
network-side handoff control means for per- 
forming predetermined handoff control associ- 
ated with said mobile station by the method ss 
determined by said handoff method determin- 
ing means, and notifying said mobile station of 
a radio frequency whose channel occupancy in 



6. A base station apparatus belonging to any one of a 
plurality of base station groups, forming a cell hav- 
ing a predetermined diameter, and connected to a 
mobile station over CDMA radio channels of a plu- 
rality of radio frequencies allocated to said base 
station group, characterized by comprising: 

channel occupancy monitoring means for mon- 
itoring a channel occupancy of each of a plural- 
ity of radio frequencies allocated to said self- 
station; and 

idle hard handoff controlling means for, when a 
difference between channel occupancies 
determined by said channel occupancy moni- 
toring means becomes a predetermined state, 
giving a predetermined idle hard handoff 
instruction for controlling a radio frequency 
whose channel occupancy determined by said 
channel occupancy monitoring means is in a 
predetermined state to a predetermined mobile 
station of mobile stations that are present in a 
cell formed by said self-station and set in a 
standby state. 

7. A base station apparatus belonging to any one of a 
plurality of base station groups, forming a cell hav- 
ing a predetermined diameter, and connected to a 
mobile station over CDMA radio channels of a plu- 
rality of radio frequencies allocated to said base 
station group, characterized by comprising: 

channel occupancy monitoring means for mon- 
itoring a channel occupancy of each of a plural- 
ity of radio frequencies allocated to said self- 
station; and 

frequency use state notifying means for gener- 
ating and transmitting frequency use state 
information for notifying said mobile station of a 
use state of each radio frequency on the basis 
of the channel occupancies determined by said 
channel occupancy monitoring means. 
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A base station apparatus belonging to any one of a 
plurality of base station groups, forming a cell hav- 
ing a predetermined diameter, and connected to a 
mobile station over CDMA radio channels of a plu- 
rality of radio frequencies allocated to said base 5 
station group, characterized by comprising: 

channel occupancy monitoring means for mon- 
itoring a channel occupancy of each of a plural- 
ity of radio frequencies allocated to said self- 10 
station; and 

handoff method determining means for, when 
said mobile station that has been located in the 
cell of said self-station moves to a new cell 
formed by another base station belonging to 15 
the same base station group to which said-self 
station belongs, checking, on the basis of the 
channel occupancy determined with respect to 
said base station forming the new cell, whether 
the channel occupancy of the radio frequency 20 
used by said mobile station in the new cell is 
not less than a predetermined value, and deter- 
mining soft handoff if the channel occupancy of 
the radio frequency used by said mobile station 
in the new cell is less than the predetermined 25 
value, and hard handoff if the channel occu- 
pancy of the radio frequency used by said 
mobile station in the new cell is not less than 
the predetermined value; and 
network-side handoff control means for per- 30 
forming predetermined handoff control associ- 
ated with said mobile station by the method 
determined by said handoff method determin- 
ing means, and notifying said mobile station of 
a radio frequency whose channel occupancy in 35 
the new cell is not more than a predetermined 
value, when hard handoff is to be performed. 



A mobile station apparatus used as a mobile station 
in a cellular radio system including a plurality of 
base stations respectively belonging to a plurality of 
base station groups and forming cells having a pre- 
determined diameter, and mobile stations con- 
nected to said, base stations over CDMA radio 
channels, each of said base stations using CDMA 
radio channels of a plurality of radio frequencies 
allocated to said base station group to which said 
base station belongs, said cellular radio system fur- 
ther including: 

channel occupancy monitoring means for mon- 
itoring channel occupancies of a plurality of 
radio frequencies allocated to each of said plu- 
rality of base stations; and 
idle hard handoff controlling means for, when a 
difference between channel occupancies 
determined by said channel occupancy moni- 
toring means with respect to a plurality of radio 



40 



45 



50 



55 



frequencies allocated to a single base station 
becomes a predetermined state, giving a pre- 
determined idle hard handoff instruction for 
controlling a radio frequency whose channel 
occupancy determined by said channel occu- 
pancy monitoring means is in a predetermined 
state to a predetermined mobile station of 
mobile stations that are present in a cell formed 
by said base station and in a standby state, 
characterized by comprising: 
candidate radio frequency setting means for, 
when the idle hard handoff instruction is 
received, setting a candidate radio frequency 
to be used at the time of generating of a next 
call to the radio frequency designated by the 
received idle hard handoff instruction. 

10. A mobile station apparatus used as a mobile station 
in a cellular radio system including a plurality of 
base stations respectively belonging to a plurality of 
base station groups and forming cells having a pre- 
determined diameter, and mobile stations con- 
nected to said base stations over CDMA radio 
channels, each of said base stations using CDMA 
radio channels of a plurality of radio frequencies 
allocated to said base station group to which said 
base station belongs, said cellular radio system fur- 
ther including: 

channel occupancy monitoring means for mon- 
itoring channel occupancies of a plurality of 
radio frequencies allocated to each of said plu- 
rality of base stations; and 
frequency use state notifying means for gener- 
ating frequency use state information for notify- 
ing said mobile station of a use state of each 
radio frequency on the basis of the channel 
occupancies determined by said channel occu- 
pancy monitoring means, and causing each of 
said plurality of base stations to transmit the 
information, characterized by comprising: 
radio frequency list forming means for receiving 
the frequency use state information transmitted 
from said base station under the control of said 
frequency use state notifying means and form- 
ing a radio frequency list in which priority levels 
are assigned to a plurality of radio frequencies 
on the basis of the frequency use state infor- 
mation; 

storage means for storing the radio frequency 
list formed by said radio frequency list forming 
means even in a power-off state; and 
initial candidate frequency setting means for 
performing a search immediately after power- 
on to check in the order of priority levels 
whether the radio frequencies indicated by the 
radio frequency list stored in said storage 
means can be used, and setting the first 
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detected radio frequency that can be used as a 
candidate radio frequency to be used. 

1 1 . A mobile station apparatus used as a mobile station 
in a cellular radio system including a plurality of 5 
base stations respectively belonging to a plurality of 
base station groups and forming cells having a pre* 
determined diameter, and mobile stations con- 
nected to said base stations over CDMA radio 
channels, each of said base stations using CDMA 10 
radio channels of a plurality of radio frequencies 
allocated to said base station group to which said 
base station belongs, said cellular radio system fur- 
ther including: 

75 

channel occupancy monitoring means for mon- 
itoring channel occupancies of a plurality of 
radio frequencies allocated to each of said plu- 
rality of base stations; 

handoff method determining means for, when 20 
said mobile station moves to a new cell formed 
by another base station belonging to the same 
base station group to which said base station 
forming an old cell in which said mobile station 
has been present belongs, checking, on the 25 
basis of the channel occupancy determined by 
said channel occupancy monitoring means 
with respect to said base station forming the 
new cell, whether the channel occupancy of the 
radio frequency in the new cell, which has been 30 
used by said mobile station in the old cell, is not 
less than a predetermined value, and deter- 
mining soft handoff if the channel occupancy of 
the radio frequency in the new cell, which has 
been used by said mobile station in the old cell, 35 
is less than predetermined value, and hard 
handoff if the channel occupancy of the radio 
frequency in the new cell, which has been used 
by said mobile station in the old cell, is not less 
than predetermined value; and 40 
network-side handoff control means for per- 
forming predetermined handoff control associ- 
ated with said mobile station by the method 
determined by said handoff method determin- 
ing means, and notifying said mobile station of 45 
a radio frequency whose channel occupancy in 
the new cell is not more than a predetermined 
value, when hard handoff is to be performed, 
characterized by comprising: 
mobile-station-side handoff control means, so 
arranged in said mobile station, for performing 
predetermined handoff processing under the 
control of said network-side handoff control 
means, when said mobile station moves to a 
cell formed by another base station belonging 55 
to the same base station group to which said 
base station forming a cell in which said mobile 
station has been present belongs, and per- 



forming hard handoff to switch to a radio fre- 
quency notified by said network-side handoff 
control means when hard handoff is desig- 
nated. 
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